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ABSTRACT

The most favorite ornamental crop in Indonesia is orchid which benefited as
floriculture. Therefore, the quality of this crop must be improved. Biotechnol-
ogy is appropriate to be used to improve the quality and quantity of orchid
plants. To conduct this method, researchers must know what genes function in
plant development. In Phalaenopsis orchids, the gene has been identified as
homeobox genes called Phalaenopsis Orchid Homeobox1 (POH1I). This research
aims to conduct iz silico analysis of the gene. The materials were retrieved
from mRNA and amino acid databases. Then, the materials are aligned, visual-
ized, motif location analysis, motif function discovery, phylogenetic construc-
tion, and protein 8D structural modelling. Based on mRNA and amino acid
alignment, there are 4 domain regions that are conserved in POHI and other
homologous genes, such as KNOX1, KNOX2, ELK Domain, and Homeobox
KN Domain, which roles as a transcription factor involved in plant develop-
ment. SWISS-MODEL and ColabFold were used in protein modelling of the
protein. By ColabbIFFold modelling, the modelling prediction uses 325 residues,
higher than SWISS-MODEL in 59 residues. ColabFold validation by Rama-
chandra Plot depicts having the most favourite regions is 68.6%, while SWISS
-MODEL is 92.3%. Another validation parameter is overall quality factor and
OMEAN Score. Protein modelling by ColabFold has overall quality factor
89.252 and QMEAN Score 0.41 * 0.05. However, SWISS-MODEL 38D predic-
tion has overall quality factor 98.039 and QMEAN score of 0.71 + 0.11.

Copyright: © 2023, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0)

INTRODUCTION
Orchids are the most favourite ornamental crops in Indonesia. Approxi-
mately, there are 5,000 orchids out of 80,000 orchids found throughout
the world's third-largest area of tropical rainforest (Semiarti et al. 2015).
They have been used in the floriculture trade, e.g. cut flowers and potted
plants (Chandra De et al. 2014). Furthermore, the quality of the crops
should be improved by biotechnology methods. To use this method, we
must have a comprehensive understanding of orchid development
(Hossain et al. 2013).

All plants during their life cycle will grow into three phases, name-
ly, the embryogenic phase, the vegetative phase, and the generative phase
(Howell 1998). Each phase is characterised by phenotypic change as ef-
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tect of the expression of functional genes. These genes interact with each
other and one of them is the key gene that will drive into the next phase
(Howell 1998; Moore 2013). These are called homeobox genes that func-
tion in developmental transcription factors and are identified in plants
and animals (Holland 2013; Viola & Gonzalez 2016).

In plants, there are 14 classes that are classified as homeobox genes
and one of the genes is the class-1 KNOTTEDI1-like homeobox (KNOXT)
gene. It is identified as transcriptional factor for maintaining the Shoot
Apical Meristem (SAM) (Scofield et al. 2008). The SAM in plants com-
prises indeterminate cells that continually regenerate and then form
structures above ground. In the next step, it contributes to the formation
of plant shoots (Howell 1998). In orchids, there are two growth habits
that are known as sympodial and monopodial. Phalaenopsis orchids have
monopodial growth habit that depicts from one stem and grows pointed-
ly upward (Zahara & Win 2019). A gene that has been identified in
Phalaenopsis orchids called Phalaenopsis Orchid Homeobox1 (POHT), which
is KNOX1 homologous gene (Semiarti et al. 2008). The gene affects
shoot formation of orchid in earlier stages of plant development, mainly
in 4-16 weeks and after 48 weeks development, based on its expression
analysis (Semiarti et al. 2016). This article intends to perform in silico
analysis of the genes.

MATERIALS AND METHODS

Materials

The research was conducted from December 2022 to March 2023. The
materials were retrieved from mRNA and amino acid databases. Then,
they would be analysed by bioinformatic tools. The mRNA and amino
acid sequence had been obtained from the NCBI database (https://
www.ncbi.nlm.nih.gov/) and OrchidBase 6.0 (https://
cosbi.ee.ncku.edu.tw/orchidbase6/).

Methods

The obtained sequences were aligned and visualized by Multalin on
http://multalin.toulouse.inra.fr/multalin/ (Corpet 1988). Motif location
analysis use MEME Suite (https://meme-suite.org/meme/tools/meme
(Bailey et al. 2015) and motif function analysis use InterPro (https://
www.ebi.ac.uk/interpro/about/interproscan/) (Paysan-Lafosse et al.
2023). Then, the phylogenetic tree of mRNA was constructed using the
Maximum Likelihood approach with bootstrapping 1000 repeats, Kimura
2-parameter model with 2 Gamma distribution model and amino acid se-
quence using JTT (Jones Taylor Thornton) with 2 gamma distribution
model, by MEGA 11 (Tamura et al. 2021). To carry out protein 3-
dimensional structural prediction, ColabFold (Goddard et al. 2018;
Mirdita et al. 2022) and SWISS-MODEL web server (https://
swissmodel.expasy.org/) were used (Arnold et al. 2006). The prediction
structure was validated with Ramachandran Plot on PROCHECK
(Laskowski et al. 2013), Overall Quality Factor on ERRAT (Colovos &
Yeates 1993), and protein model quality estimation on QMEAN (Benkert
et al. 2009). To evaluate the modelled structure, benchmarking to Al-
phaFold database (https://www.ebi.ac.uk/Tools/sss/fasta/) was con-
ducted.

RESULTS AND DISCUSSION

The Results of POH1 gene Alignment

According to alignment analysis of POHI gene shows polymorphism at
the nucleotide level. Through the analysis, it was seen that there are mu-
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tations and deletions in this alignment. Figure 1 shows coding sequences
that would be translated into four domain regions, such as KNOXI,
KNOX2, ELK domain and Homeobox KN Domain. The domain is cate-
gorized as Three Amino-Acid Loop Extension (TALE) family homeopro-
teins that are involved in plant growth and development. The gene struc-
ture of this gene is highly identical between species (Razzaq et al. 2020).
In this case, POH1 gene with other homologous genes is highly identical,
it comprises around 900-1400 bp for each species.

The Analysis of Amino Acid Sequence

The POH1 Protein sequence analysis shows a conserved amino acid se-
quence. Protein motif analysis and its location describe conserved regions
on plants. It means that homeobox genes can be found in different spe-
cies (Holland 2018). Its roles as a transcription factor that regulates
gene function to enhance and repress certain genes (Gao et al. 2014; Yu-
an et al. 2018). Highly conserved amino acids are coloured in red and
blue colours, meanwhile non-conserved amino acids are black colours
(Figure 2). Motif locations at amino acid sequence indicated that there
are 4 important domains to regulate plant development (Figure 3, Table
1). Each domain has specific roles in plant development. KNOX1 function
correlates to tissue proliferation and maintains potential meristematic of
flowering plant and moss sporophytes, while the function of KNOX2 is
to regulate the alternation of generations by suppressing the haploid
body plan in the diploid phase, which causes morphological transition to
the land plants. Besides, KNOX1 modulation activity is involved in con-
tributing to leaf shape diversity of flowering plants (Sakakibara et al.
2013; Furumizu et al. 2015). Moreover, KNOX2 also acts as negative
regulator of secondary cell wall biosynthesis (Wang et al. 2020). ELK
Domain acts as a signal for nuclear localization and is included in protein
-protein interaction (Nagasaki et al. 2001; Ito et al. 2002; Nookaraju et al.
2022). Homeobox KN Domain acts as transcription factor that is con-
served in different plants, which also affects in leat shape elaboration
(Wang & Jiao 2020; Zhang et al. 2022).

Phylogenetic Analysis of POHI Gene with Other Homologous
Genes

The POH1 phylogenetic analysis was performed by mRNA and amino
acid sequences. In mRNA sequence phylogenetic construction, there are
2 clades and 1 outgroup. The gene sequence has highly similarities with
DOH1 gene from Dendrobium orchid. Moreover, phylogenetic construc-
tion by using amino acid sequence reveals that POHI gene still highly
has similarities with DOH1 from Dendrobium orchid (Figure 4a; b, respec-
tively).

Protein Modelling of POH1 Protein and Its Domain Function

The three-dimensional structural prediction was performed by 2 web
servers, ColabFold (Figure 5a) and SWISS-MODEL (Figure 5b). Based
on the Ramachandran plot, ColabFold structural prediction has residues
in most favoured regions accounting for 68.6%, meanwhile, SWISS-
MODEL has 92.3%. However, SWISS-MODEL modelling uses 59 resi-
dues, compared to ColabFold which uses 325 residues, all the translated
amino acids. These results are correlated to algorithms that use in the
WEB-SERVERS. ColabFold modelling focus on physical interactions or
the evolutionary history (Jumper et al. 2021), meanwhile SWISS-
MODEL build a model from templates in their database (Arnold et al.
2006). Moreover, other ways to validate protein modelling are overall
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Figure 1. The result of POHI gene alignment with other homologous genes. Different colours of the box de-

scribed different domains; . = KNOX1; = KNOXZ¢2; L = ELK Domain; and L = Homeobox KN Do-

main.
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Vanilla_ponpona GCGGTTTCARACGTCGTGTCTTTTGICH mmmscccnucmtcmmﬁsnmmmmrcmmcmrlcmmcm {ATTGGARGCCAR
Vanilla_shenzenica GCGGTTTGARATGTCGTGTCTTTTGTCH GGAGAAGGTGGCCCTTGECGGAGTCARCGGGGC TGGACCAGARGCAGATCARCAACTGGT TCATARACCAGAGGAAGAGGYAT TGGARGCCAR
Liliun_ts GGAGAAGG TAGCAT TGGCAGARTCGACGGGCC TCGATCAGARGCAGATCAACAAT TGGT TCATARACCAGAGGAAGCGGEACTGGARGCLTT
Hedi truncatula lcmmcrmic!mcmlmmm"m'rm-u ARCTGGTTTATTAATC GGEACTGGARGCCTT
Streptocarpus._rexii GGAGAAGE TG6CGCTGECTGARTCGACGHGTTTGGACCAGARACAGAT TAATART TGGTTCATTAACE GAYACTGGARRCCAT
Cocos_nucifera mlmulmmu_umu GACCAGAAGL ARCTG6TTCATCAAC GCYACTGGARGCCAT
Elaeis_guineensis GCAGARGC TGGCAC TGGCGCARTCARCGGGAC TCGACCAGARGL ARCTGGTTCATCARCCAGCGGAAGCGCYACTGGARGCCAT
Dactylorhiza_fuchsii ulnu.lul.ll.qu.wnlumtw.uumummltmuIWIlwluntmunu [ACTGGARGCCGT
Nicotiana_tabacun CTCTTGTACCT---ACTG CT GTGT TAG-~GCARGAAC T---~CAAGCATGAGC TCRARCAGGGT TRCA
Citrus_si TGCARATCCAGTGGAGT TGARGATCCGAACGGGGCCATTGLT-AAGCATATTAA=-~GCTGAGT TTCGATCCGCCGGATGARAJCCATGGCTTCTT
CONSONSUS secceececcccccsccsscsssccscccccssfagal, Tgge.cl , TcaRCghh.cT . gAtCaGARGCAgATcAficaacTG6t Tcat . RacCl ActgGaagclat
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Elaeis |KAKIISHPQYSSLLEAYHDCOK-YGAPPEYVARLSATRRI TOPEL DOF t==----ERYCOML VKYREEL (Q====EATDFLOKVESQOFNAL -TNGASARFLS—~
Ludisia |KAKIISHPOQYPALLAAYMDCOK-VGAPPEVIARLSA '=ADPEL DOF M=====-ERYCNHL YKYKEELT NSL-TNGAT-APFL-~
Platanthera |KAKIISHPQYPALL TAYMDCOK-VGAPPEVIARLSA SP=ADPEL DOF H=====~EAYCNML VKYKEQLT! AHDFLRKIESQUNSL=TYGTTTAPFL-~
Dendrobiun_catenatun |KAKIISHPQYPALLNAYHDCOK-VGAPPEVYARLST TQ-ADPEL DOF t=====~ERYCNML VKYKEELTI ANDFLRKVESOUNSL~TNGATVPFF T-~
Phalaenopsis_equestr | KAKIISHPQYPALLNAYHDCOK-YGAPPEVVARLS HmmmmeeERYCNHL VKYKEELTI AHDFLRKYESQULNSL~TNGYTVPFF T==
Liliun | KARIVANPHYSTLLARYMECOK-IGAPPEAARARL GTS=TOPELDOF H=====~ERYCOML VKYREELT! SOQLNSLCSDGYSPRIVF -~
Citrus_sinensis |KAKIISHPQYSSLLEAYVDCOK-VGAPPE M=mmmemEAYYDHL VKYREEL TRPTQ~~~~EAMDF IRRIE TOLNHLSNGPVRIFNSTGF
reptocarpus_rexii |KAKIIAWPQYSNLLEAYLDCOR-VGAPPEVVARLT LDOF ======ERYYDHL VKYREEL (Q====E ANEFMRRIESQUNHITNCPYRISNP ~=~
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nd:tulorhtza_ﬁnhiii KAKIHSHPQYPRLLPTYINLHK- ARI DPALDOF H====—-ERYCEMLAKYEQEL K====E AHLFLSRIDAQF jo
Hedicago THAHPHYHRLLEAYINCOK-VGAPSEVYARLEEREAT SGCLGEDPAL DOF Hf====~~EAYCENL IKYEQEL K====EAMLFLORIEVOFKNL —
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MEW{WKM“INUH“KLW%“S&MLS‘ KKKKGKL PKDARQKL LNMMEL | YF
DKEL KKKKGKL PKDARQKL LNMMELHYKMPYP
[mx—mxmmunumesnm LS) KKKKGKL PKDARQKL L NMMEL HYKMPYP
SAD---EKCEGYYSSEEDQDGSGAEREREYPE IDPRAEDK EL KLHLLKKYSGYLSSLROEL I KKKKGKL PKDARQKL LNMMEL HYKMPYP
=P | == DKYEGYGSSEEDQDGSGGEAE =~ VPETDPRAEDK ELKHHLLKKYSGYLSSLRHELSH KKKKGNL PKDAROKL LNMMELHYKMPYP
Citrus_sinensis AQRGKIILFIENNNPPLDDOKCEGYGSSEEDQENSGGE TE-~LPEIDPRAEDE ELKNHLLRKYSGYLSSLKQELS) mmmu MUELHYKMPYP
arpus_rexii =—=e—eeeeceeeeeeeeefEKCEGIVSSEEDQENSAGE TE~~LAEIDPRAEDE ELKNHLLRKYSGYLSSLKKEL S KKKKGKL PKDARQKL L GUMELHYKMPYP
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Asparagus._aspragoide |ETEKVALAESTGLDOKOINNUE TNORKREMKPSEDNQF VVHDAFHPONARA-L
Asparagus_of ficinali |ETEXVALAESTGLOQKOINNME INGRKRHMKPSEDNOF VVHDAFHPONARR-L YHGGQF HGDGS YRLGP
Elaeis |ETEXVALAESTGLOPKOTNNUF TNORKRHMKPSEDHOF YVHDGF HPONAARAL FMEGQF NGDGHYRLGP
Ludisia |ETEKVALSESTGLDQKOINNME INORKR] VVHOSFHPONARA-L' LADGNYRFGQ
Platanthera |ETEKVALSESTGLDQKOTNNUF INORKREMKPSEDHOF YVHDSF HPONAAA-L YHGGOF L SDGNYRF GQ
Dendrobiun_catenatun |ETEKVALSESTGLDOKOTNNUF TNORKRHMKPSEDNOF VVHDSFHPONARRA-L
Phalaenopsis_equestr |ETEKIALSESTGLOQKOINNUF INORKREMKPSEDHOF YVHDSFHPONAAA-L YNGGOF LADGNYRF GP
Liliun |ETEKVALAESTGLDQKOTNNEF TNORKRHMKPSEDHRF YYHDGFHPONARAL T
Citrus_sinensis |ETEXVALAESTGLOOKOINNAF INORKREMKPSEDHOF HVHDGLHPONARS-L '
Streptocarpus_rexii |ESEKVALAESTGLDOKOTNNUF INORKR] HYHDGLHPONAG-~1YMDGHYNGEGPYRLGP
Yanilla_ponpona |ETEKVALAESTGLDOKOTINNKE INORKRHMKP TEDHOF YHGGOF LGDNSFRFAP
Vanilla_shenzenica |GDGEGGPCGYNGAGP-ERDOOLVHKPEEEAL ICGDGFFPSPECC-C
Cocos_nucifera |EAOKLALAGSTGLOOKOINNKE INORKREMKPSEENQF YVHD TAHPHYFHONSL APALL
Dactylorhiza_fuchsii [ESOKLTLAESTGLDOKOINNUE INORKRHMKPSE) VVHDRAHPHYFHDGGL GGNPF ATDCAPLL
Hedicago |ESOKLALAESTGLDQKOINNUF INQRKRHMKPSE] VVHDPSHPHY YHONVL T-NSYPHOLSNTHL
Nicotiasna.tabacun |EEDKARLVOETGLOLKOTNNUF TNORKENMHSNPSTSTSOKSKRKSAGETKQ
Consensus |EL#Kvala#sTGL SqKOINNUF INORKRRMKkpsednqfvvnd., .hpanaa. ... n.g.f..d...r...

Figure 2. The result of POH1 protein alignment with other homologous genes. Difterent colours of the box de-

scribed different domains; L = KNOX1; L = KNOX¢;

main.

= ELK Domain; and L = Homeobox KN Do-

Name p-value  Motif Locations
Dactylorhiza fuchsit KN1  1.94e-146 | | | | 1
Cocos nucifera 2.20e-152 | | | [ |
Elaeis guineensis 3.99e-179 [ | | | [ |
Streptocarpus rexii 4.350-165 1 | | | | I
Lilium tsingtauense 1.70e-169 | —] | | N .
Medicago truncatula 9.12e-149 || I | | [
Nicotiana tabacum 1.50e-48 || | T .
Phalaenopsis equestris POH1 6.08e-194 — | [ .
Dendrobium catenatum DOH1 1.43e-195 | | | | | I
Vanilla pompona 4.07e-169 || [ | [ | .
Vanills shenzenica 1.57e-131 — [ | [ | |
Ludisia discolor 1120192 I I | E | I
Piatanthera zijinensis 6.48e-184 - I | [ . I _
Citrus sinensis 7.13e-176 === I T ..
Asparagus asparacides 2.16e-190 - l ] [ | _
Asparagus officinalis 1.28¢-190 — I | I -
Motif Symbol Motif Consensus
_ 1 TGLEQEQINNWFINQREKREWKPSECMQEVVMDSFHPQNAAA
N 2 KL KKYSGYLSSL L LSKKKKKGKLPEDARQKLLNWWELHYKWEYP
— 3.00F YCBMLVEY. TRPLQEAMDFLRRVESQLMSLTNGATAPFFSS

4. IKAKIISHPQYSALLEAYMDCQKVGAPPE

Figure 8. Domain location in amino acid sequence.
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Table 1. The Function of Each Domain.
No Domain Domain Name Function Reference
1 Homeobox KN do- Regulation DNA-templated (Hirayama et al. 2007;
main transcription Mukherjee et al. 2010)
2 ELK domain Nuclear localization signal; (Nagasaki et al. 2001; Ito
protein-protein interaction et al. 2002; Nookaraju et
domain al. 2022)
3 KNOX2 DNA- binding (Nagasaki et al. 2001)
4 - KNOX1 DNA- binding (Nagasaki et al. 2001)
a 0.odaag blidisia discolor b
97
00519137
1 ImElaual'\'d'leta zZijinensis
80
0.06242f11
.05 drobium catenatum DOH1
0.1008152 wmLudis-a discolor
68 . . -
P ey G_M”lﬁhalaenupgs equestris POH1 o
— Platanthera zijinensis
o1 0.1
0.4
0.0, g?nllla pompana - 0Del'rdl0bﬂ.lm catenatum DOH1
100 4
01782769 900
0.0154143 souscYanila shenzenica nex Phalaenopsis equestns POH1
azlo/anila pompona
Mozs31mes Liliurmn tsingtauense &0 =
a4 Vanilla shenzenica
3 0.2
U-WNI?
ot ﬁiparagus asparagoides
99 34 100 Asparagus aspragoides
o.2780500 | =t .
0.2
sommbigparagus officinalis o Asparagus officinalis
2
of1
) Ty Lilium tsingtauense
py— Nicotiana tabacum
a3
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1q 03 0.2
0.03132% AT Streptocarpus rexi
oz Citrus sinensis
ao—wil- ———————— Medicago truncatula .2
i - Os8maa 16 Streptocarpus rexi
99
0.3528987 T Dactylorhiza fuchsii KN1 o Medicago truncatula
98
| 92] 0.6
0.1557958 wlhs Cocos nucifera
o Cocos nucifera
99 o
0.2382309 e Dactylorhiza fuchsi KN1
e Elaeis guineensis
IE Nicotiana tabacum
Tearie Citrus sinensis
M
050
L —]

050

Figure 4. Phylogenetic analysis of POH1 gene sequence with other homologous genes

mRNA and b. amino acid sequences).

. (Construction by using: a.
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Figure 5. Three-Dimensional Structural Prediction. (a = ColabFold Modelling; b = SWISS-MODEL modelling).

quality factor and QMEAN score. Overall quality factor of these struc-
tures is 89.252 (ColabFold modelling) and 98.039 (SWISS-MODEL
modelling) (Figure 6). According to QMEAN scores, SWISS-MODEL
modelling has higher score than ColabFold, 0.71 £ 0.11 to 0.41 £ 0.05
(Figure 6 a; b, respectively). Moreover, benchmarking effort to Al-
phaFold database shows that the modelled protein has 50 proteins that
are homolog. In the database, the homologous proteins comprise around
300-400 amino acids. The highest relationship of this modelled protein in
structural AlphalFold database found on Homeobox Protein Knotted-1-
like 2 in Dendrobium catenatum (AphaFoldDB: A0A2I0XDV6). Based on
ColabFold modelling, we investigate the location of domain, which is
KNOX1, KNOX2, ELK Domain and Homeobox KN Domain in 3D
structural prediction (Figure 7). KNOX1 and KNOX2 domains are
formed into MEINOX domain which is separated by a poorly conserved
linker sequence (Nookaraju et al. 2022).

MEINOX Domain that is located in N-terminus will interact with
POX domain from BEL protein (Zhang et al. 2021). The interaction be-
tween POX and MEINOX is hydrophobic (Ezura et al. 2022). The inter-
action of them affects phytohormone regulation that is related to plant
development (Niu & Fu 2022). The heterodimer modulates phytohor-
mone by activating cytokinin and repressing gibberellin (Tadege 2013;
Testone et al. 2015; Marsch-Martinez & de Folter 2016), which corre-
lates to shoot development (Wybouw & De Rybel 2019; Arro et al. 2019).
Not only for shoot development, but also KNOX protein linked up to the
lignification process in dicot and monocot plants (Townsley et al. 2013;
Xu et al. 2019), the diversity of leaf shape (Gao et al. 2015; Wang et al.
2022), and a necessary role in starchy storage organs (Dong et al. 2019;
Riischer et al. 2021). Moreover, it involves to environmental response
because of high temperature and humidity stress (Shu et al. 2015). To
conclude this paragraph, the research on different functions of POHI
gene, KNOX1 homologous gene in Phalaenopsis orchids, has to be broad-
ened to reveal its functions.
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Figure 6. Protein Modelling Validation by Overall Quality Factor and QMEAN Score. (a = ColabFold Model-
ling; b = SWISS-MODEL Modelling).

Figure 7. The location of domain in 3D structural prediction. KNOX1, KNOX2, ELK, and homeobox KN do-
mains are in green, yellow, blue, and red, respectively.

CONCLUSIONS

POH1 gene is a gene that contributes to shoot formation in Phalaenopsis
orchids and has four domains as transcription factors, such as KNOX1,
KNOX¢2, ELK Domain, and Homeobox KN Domain. Three-dimensional
structure modelling is performed by SWISS-MODEL and ColabFold. In
SWISS-MODEL modelling use 59 residues with the percentage of most
tavoured regions of 92.3%, overall quality factor of 98.089, and QMEAN
score 0.71 £ 0.11, while ColabFold uses 325 residues with a percentage of
most favoured regions accounting for 68.6%, overall quality factor
89.252, and QMEAN scores 0.41 * 0.05.
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